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ON  THE  TRAINING  OF  TItC  SHARING  SKXUJB: 
AN  ATTENTION  VIEMPOIHT 


DAikial  Gopher 


Techiiion  -  larMl  Institute  of  Technology 
Heife,  lereei  - 


ABSTRACT 

Trelnlng  of  tlne-eharlng  skills  is  discussed  within  sn  attention  framework 
in  which  poor  time-sharing  performance  is  intexprstsd  to  stem  from  scarcity 
or  Inefficient  utilisation  of  processing  resources.  Practice  is  argued  to 
increase  resource  availability  either  by  reducing  the  resource  demands  of 
each  taski  Improving  coordination^  or  enhancing  the  voluntary  control  on 
resource  all^ation.  Based  on  this  analysis  notions  of  skill  generalizations 
and  implications  for  the  development  of  training  procedures  are  examined. 


One  of  the  most  rasmrkable  capabilities 
of  huBUui  operators  is  their  ability  to  learn 
with  practice.  The  more  difficult  and  com¬ 
plex  a  task  is  the  greater  is  the  difference 
between  a  novice  student  and  a  master  per¬ 
former.  Performance  under  time-sharing  con¬ 
ditions  which  is  the  subject  of  interest  in 
this  brief  srticle  moet  frequently  resides  on 
^  the  complex  end  of  the  task  domain.  The 

large  difference  bet«reen  the  time-sharing 
abilities  of  beginners  and  trained  performers 
have  even  led  eoam  investigators  to  argue  that 
I  findings  and  theories  in  this  problem  area 

should  be  categorized  into  oiasses  based  upon 
these  two  types  of  performers,  e.g. .  (Neisser, 
1976>  Shlfrin  c  Schneider.  1977;  Dreyfus,  1979) 

unlike  other  areas  of  hvmmn  performance 
such  as  mesiocy  capabilities,  verbal  skills  and 
sntor  behavior,  the  study  of  learning  pro¬ 
cesses  in  the  development  of  time-sharing 
fkillB  has  very  rarely  attracted  attention 
as  an  Independent  prism  topic  of  investiga¬ 
tion.  Several  studies  of  this  issue  were 
conducted  during  the  1950 's  and  early 
1960 'e  stalnly  as  related  to  strict  views  of 
the  huBum  as  a  single  channel  processor, 

(e.g.  Baharlck,  Noble  t  Fitts,  1954; 

Bahaxick  C  S^elly,  19^8;  Garvey,  1960). 

Other  studies  were  indirectly  concerned  with 
the  notion  of  time-sharing  s)iills  as  related 
to  the  development  of  part-whole  training 
techniques,  (e.g.  Adams.  1960;  Fleishman, 

1965)  .'^In  recent  years  the  revival  of 
theoretical  and  applied  interest  in  the  study 
of  wor)Lload  has  drawn  attention  to  the  lack  of 
syetesMtic  approach  ai)d  experimental  data 
in  this  important  prohlem  area.  Consequently, 
*  increased  research  effort  and  resource 
inmestments  have  been  called  to  the  study 
of  procedures  to  Isprgve  tisw-sharlng  skills. 


In  the  present  paper  we  set  out  from  an 
attention  viewpoint  in  an  attempt  to  out¬ 
line  a  general  approach  to  the  study  of  time¬ 
sharing  skills  and  examine  the  implication 
of  such  an  approach  to  the  development  of  proper 
training  procedures.  Within  this  framework 
poor  time-sharing  performance  is  interpreted 
to  stem  from  scarcity  of  processing  resources 
or  inefficient  use  of  existing  resources.  The 
imjor  contention  is  that  the  development  of 
training  procedures  to  improve  time-sharing 
skills  is  oontigent  upon  our  ability  to 
identify  the  components  of  the  learning  process 
as  related  to  the  demand  of  concurrently 
performed  tasks  for  processing  resources. 

Three  issues  are  addressed:  a)  Effects  of 
practice  on  resource  availability;  b)  Skill 
generalization:  c)  Isplications  for  the 
development  of  training  procedures. 


EFFECTS  OF  PRACTICE  ON  RESOURCE  AVAILABILITY 
a)  Reduced  Demand  for  Resources 

One  view  on  the  role  of  practice  in 
improved  time-sharing  performance  is  that  it 
serves  to  reduce  the  resource  dememds  of 
each  of  the  tasks  involved.  As  the  separate 
demands  decrease  so  does  joint  demand. 

Small  talk  while  driving  is  a  conoon 
):abit  which,  can  bt  easily  managed  by  eicper- 
ienced  drivers  under  a  wide  variety  of 
driving  conditions  and  topics  of  conversation. 
7)vis  is,  however,  an  impossible  mission  for 
the  novice  driver.  Assuming  equal  levels 
of  conversation  skills  (and  therefore  equal 
demand  for  resources)  joint  performance  of 
the  experienced  driver  can  be  argued  to  be 
better  siirply  because  he  it  required  to  invest 
less  resources  in  the  task  of  driving  (due  to 
ii^toved  prediction  capabilities,  response 
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Integration,  ate.,  etc.,).  To  further  support 
this  point,  Inagine  nov  what  would  happen  to 
tbia  aseoth  concurrent  performance  whan  a 
audden  traffic  problaai  occurs,  or  tha  natural 
comveraation  develops  into  a  hot  debate  on 
a  aMtter  of  high  personal  concern. 

Tha  auperlor  level  of  joint  perfonaanee 
of  the  ej^rlenced  driver  in  this  exanpla  is 
aaeumed  to  result  solely  from  the  fact  that 
tegular  driving  demands  only  small  amounts  of 
his  resources,  so  that  enough  resources  are 
still  available  for  the  conductance  of  conver¬ 
sations.  Mo  assumptioi^s  are  made  on  interaction 
between  the  tasks  of  driving  and  talking. 

In  reality,  iMny  kinds  of  interactions  may 
exist.  For  exanpla,  the  driver  cannot 
(or  better  not)  use  visual  cues  from  the 
eyes,  face  and  lips  of  his  discussant  and  ia 
therefore  forced  to  be  more  attentive  to  hla 
articulation  and  intonations.  The  noise  of 
the  engine  may  force  him  to  raise  his  own 
moice,  esphasise  his  articulation  and  rely 
■ore  than  usual  on  inner  cues  to  verify  his 
cm  voice  productions.  The  fact- that  the 
eonversation  appears  to  flow  smoothly  in  a 
regular  aunnar  provides  an  indication  that  good 
coordination  bettieen  the  tasks  has  bean 
achieved.  laproved  coordination  with  practice 
la  another  factor  that  can  affect  resource 
availability,  and  this  is  our  next  topic  of 
discussion. 


b)  Coordination  of  Tas)cs 

Coordination  in  the  present  context  is  a 
general  term  esployed  to  refer  to  all  processes 
drginated  to  resolve  or  temper  conflicts 
between  inputs,  outputs  or  throughputs  of 
tasks  under  time-sharing  conditions.  One  view 
on  the  relationship  between  coordination  and 
resource  availability  is  that  the  process 
of  organising,  coordlnsting ,  scheduling  and 
allocating  resources  msy  reguire  resources  by 
itself  (see  e.g.  Moray,  1967i  Logan,  1979). 
Thus,  coordination  of  time-sharing  performance 
oonstitutes  a  task  by  Itself  and  demands 
rsseurces.  With  practice,  when  consistent 
strategies  of  task  interweaving  are  eatab- 
lished,  coordination  re<iuires  less  resources 
eo  that  more  reaources  are  released  to  the 
direct  performance  of  Veahs. 

•  knother  view  on  the  relationship  between 
coordination  and  reaouvoe  darands  argues 
that  coordination  by  i^elf  does  net  require 
tesources,  but  conflicis  and  poor  coordination 
between  tasks  result  ia  waste  and  inefficient 
utliixation  of  proeess^g  resources.  Accord- 
lag  to  this  view  the  e^enee  of  coordination 
is  the  development  of  performance  stragegiee 
that  maximise  the  retupe  of  resource  invest- 
■smka  (e.g.  Oophsr  «  Nprth,  1977 i  Navon  t 
Obpher,  1979). 


A  third  notion  of  task  coordination  can 
be  offered  if  a  multiple  resource  view  of  t)M 
human  processing  system  is  adapted.  In  a  recent 
paper  (Navon  £  Gopher,  1979) ,  we  propose  such  a 
framework  to  describe  the  limitations  of  per¬ 
formance  under  time-sharing  conditions.  A  mul¬ 
tiple  resource  approach  seems  to  have  several 
advantages  over  traditional  single  capacity 
views.  According  to  this  approach  the  husmn 
processing  system  possess  several  mechanizas 
each  having  its  own  capacity.  Those  capacities 
can  at  any  moment  be  allocated  among  several 
processes,  and  tasks  can  overlap  to  various 
degrees  in  their  demands  for  cossnon  resources. 

In  the  present  context,  coordination  can 
be  construed  as  a  strive  to  minimize  the 
overlap  in  the  resource  demands  of  concurrently 
performed  tasks.  In  other  words,  it  is  assusied 
that  alternative  strategies  can  be  developed 
for  the  performance  of  the  same  task  in  order 
to  Bvinimize  the  competition  for  processing 
resources  between  this  task  and  another  jointly 
perfonsed  task.  The  changes  in  the  conversation 
style  while  driving  that  were  described  earlier 
in  this  paper  provide  an  example  of  possible 
strategic  shifts  in  the  relative  emphasis 
on  sources  of  information  and  modes  of  vocal 
behavior  developed  to  protect  the  concurrent 
conductance  of  conversations  and  driving. 

Several  authors,  (e.g.  Neisser,  1976)  have 
argued  that  with  sufficient  practice  coordina¬ 
tion  may  reach  the  stage  of  integration  that 
is,  concurrently  performed  tasks  may.be  inte¬ 
grated  to  form  a  new  whole,. new  entity  whic)) 
reduces  the  total  demand  for  processing  resources. 
At  this  level  the  situation  ceases  to  be  a 
time-sharing  condition  because  the  separate 
tasks  have  lost  their  independence.  This 
possibility  presents  an  interesting  problem 
to  theorists  of  time-sharing  performance, 
namely:  what  are  the  combinations  or  type  of 
tasks  that  are  more  amenable  to  such  interaction 
and  what  are  the  tasks  that  will  remain  indepen¬ 
dent  even  after  prolonged  practice.  A  detailed 
discussion  of  this  point  is  beyond  the  scope  of 
this  paper,  some  candidates  for  conparison 
may  be:  integral  and  separable  dimensions  of 
perception,  discrete  vs  continuous  tasks, 
externally  paced  and  self  paced  tasks,  rhythm 
conpatability,  etc.,  etc. 


e)  Voluntary  Control  on  Resource  Allocation 

'fthat  is  the  extent  of  the  operator's  ability  to 
voluntarily  control  tha  allocation  of  his 
processing  resources? 

How  sensitive  are  operators  to  the  efficiency 
of  their  resource  investments? 

Can  operators  be  trained  to  isprove  the 
manageisent  of  their  resources  and  be  sensitized 
to  tha  consequences  of  voluntary  allocation? 


Bxtansive  exparinantal  evia«nce  has  bean 
aecunulatad  to  show  that  selective  atten¬ 
dance  is  an  active  process  which  is  influ¬ 
enced  by  aotivatlon>  biases  and  utility 
conslderatlona .  The  operator  is  not  paseivaly 
subaUtted  to  task  desuuids  but  actively 
engages  in  selection  and  determination  of 
preferred  courses  of  action.  However,  little 
is  know  on  the  extent  to  which  conscious 
allocation  policy  can  be  recruited  to 
■aximize  the  efficiency  of  resource  utilisa¬ 
tion  in  concurrent  task  performance.  Por 
exaag>le,  can  operators  be  swanlnqfully 
instructed  to  devote  9S  percent  of  their 
resources  to  one  task  and  only  S  percent 
to  another)  can  they  change  proportions  to 
80/20,  70/30  or  reverse  then  upon  request. 

If  perforsiance  criteria  is  set  to  autxinisa 
the  Biarginal  efficiency  of  every  unit  of 
invested  processing  resources,  can  operators 
wisely  manage  their  resource  allocation 
aasMig  tasks?  The  io^rtance  of  providing 
adequate  anewers  to  these  questions  in  the 
context  of  training  and  development  of 
time  sharing  skills  is  obvious. 

Several  studies  conducted  in  recent  years 
by  this  author  in  collaboration  with  other 
investigators  provided  encouraging  desxm- 
strations  of  the  ability  of  human  operators 
to  control  their  resources,  (North  C  Gopher, 
1976)  Gopher  t  North,  1977;  Hlckens  t  Gopher, 
1977,  (Vspher  £  Navon,  in  press).  A  doctoral 
dissertation  recently  completed  in  our  labora¬ 
tory  by  Hichael  Bclekner  (in  preparation) 
directly  tested  the  Influence  of  instructed 
variations  in  resource  allocation  on  the 
training  of  tlsm-sharing  skills.  The  results 
of  this  work  yielded  strong  support  to  the 
potential  power  of  ifproved  voluntary  control 
.in  the  davelopmsnt  of  tine-sharing  skills. 

Briekner  compared  concurrent  performance 
cf  pursuit  tracking  yith  a  letter  typing 
task.  In  three  diffgrent  groups  of  subjects 
the  priority  of  task*  remained  equal  and 
constant  throughout  training,  or  varied 
dynasdcally  requiring  subjects  to  change 
the  allocation  of  thgir  resources  between 
the  two  tasks.  Subjects  trained  under  variable 
priority  conditions  achieved  better  levels 
of  joint  perfosmance  at  the  end  of  the  train¬ 
ing  period.  In  addlf:lon,  this  group  was 
superior  in  its  ability  to  protect  per¬ 
formance  when  transferred  to  a  new  condition  In 
which  unexpected  variations  in  task  difficulty 
were  introduced  on  the  two  tasks  and  subjects 
were  Instructed  to  sislntain  fixed  levels  of 
performance.  These  instructions  could  only  be 
observed  if  resources  trere  properly  shifted 
froai  the  performance  of  one  task  to  the  other, 
to  ecmpensate  for  the  changes  in  difficulty. 

A  similar  pattern  of  results  was  obtained  in  a 
second  experiawnt  in  which  a  self  paced  letter 
typing  task  was  paired  with  either  a  self 
paced  or  an  externally  paced  binary  classi¬ 
fication  of  digits.  These  i .vaults  suggest 
that  human  operators  can  control  the  alloca¬ 


tion  of  their  resources  but  may  have  only 
lisuted  experience  or  knowledge  on  the 
efficiency  of  their  allocation.  Spontan¬ 
eous  allocation  if  not  properly  instructed 
may  be  suboptimal.  Briekner 's  results 
eisphasize  the  isiportance  of  pursuing  the 
research  on  the  voluntary  control  of 
resources  and  its  role  in  improved  time 
sharing  capabilities. 


SKILL  GENERALIZATION 

The  analysis  of  the  different  way  in  which 
practice  may  affect  resource  availability  in 
time-sharing  performance  enable  us  to  address 
more  steaningfully  the  question  of  skill  general¬ 
ization.  To  what  extent  can  skills  acquired 
in  one  tisw-sharing  situation  be  generalized 
to  other  situations?  The  question  of  skill 
generalization  can  be  considered  on  several 
levels.  In  the  most  general  sense,  skills 
that  were  developed  in  one  situation  should 
generalize  to  all  other  time-sharing  conditions. 
Within  a  multiple  resource  frameviork  a  more 
limited  view  of  generalization  can  be 
conceived,  skill  is  e)cpccted  to  generalize 
to  all  other  situations  in  which  the  same 
resources  are  involved.  Generalization  may 
also  be  linked  with  the  performance  of  a 
specific  task  and  skill  may  transfer  to  all 
other  time-sharing  situations  in  which  this 
task  is  esployed.  All  of  these  alternatives 
assume  at  least  some  degree  of  skill 
generalization.  Finally,  we  cannot  ignore 
the  possibility  that  although  considerable 
skill  is  developed  in  each  specific  situation 
it  is  unique  to  that  situation  and  can  not  te 
transferred  to  any  other , situation. 

Of  the  three  types  of  practice 
effects  that  were  discussed  (i.e.  reduced 
costs  of  each  task;  isproved  coordinatioa 
and  enhanced  voluntary  oontrol ) ,  reduced 
resource  demands  of  each  of  the  concurrently 
performed  tasks  can  certainly  link 
with  the  task  specific  type  of  skill  gen¬ 
eralization  and  be  assumed  to  transfer  to  all 
other  situations  in  which  this  task  is  perform¬ 
ed.  The  reduced  demands  of  driving  to  the 
e)cperienced  driver  is  equally  relevant  to  con¬ 
current  conversation  or  writing  in  his  personal 
notebook.  It  should  be  noted  however,  that 
this  is  not  a  real  time-sharing  skill  and  does 
not  necessarily  require  training  under  time¬ 
sharing  conditions. 

Strategies  relevant  to  the  coordination 
of  concurrently  performed  tasks  can  vary 
widely  depending  on  the  type  of  inputs  involved, 
spatial  and  temporal  constraints,  the  nature 
of  responses  and  the  type  cf  processing 
tasks.  Considering  the  richness  of  all 
possible  combinations,  generalization  at  this 
level  can  hardly  be  assumed.  Small  changes  in 
the  conditions  of  performance  may  require 
substantial  revision  of  coordination  strategies. 
Some  sense  of  generality  of  coordination  skills 


can  ba  raatorad  If  «a  aaaiaa  that  major  typaa  of 
atrataglaa  can  ba  idantifiad  and  that  tha  total 
nuadwr  of  auch  atrataglaa  la  vary  llmitad. 
SyataaMtic  ai^loration  of  thla  poaalbllity 
atill  awaita  tha  davotlon  of  rlak-taklng> 
induatriotta  raaaarchara. 

lBg>rovad  voluntary  control  of  raaourcaa 
ta  ona  faculty  of  tlaM-aharlng  akllla 
that  haa  the  potential  of  broader  gen¬ 
erality.  If  batter  control  of  raaourcaa 
can  ba  taught  and  the  huaian  operator 
can  ba  trained  to  becoaie  aora  aenaltlva 
to  the  efficiency  of  hla  reaourca  alloca¬ 
tion,  a  knowledge  baae  which  haa  relevance 
to  a  wide  variety  of  aituationa  nay  ba 
acquired.  Note  however  that  bacauae 
reaource  inveataianta  are  alwaya  evaluated  in 
tenM  of  parfonnance  achlevenent  and  bacauae 
raaourcaa  are  differently  aealad  In  tha  per- 
foriMnce  of  different  taaka,  direct  trana- 
itlon  of  akllla  from  one  tank  to  the  other 
awy  not  be  readily  obaervad.  Naverthalaaa 
exparlancad  operatora  nay  be  acre  aware  and 
poaaaaa  batter  toola  to  eaanine  the  efficiency 
of  their  reaource  Inveatatenta  and  conaaquantly 
■ay  progreaa  anra  rapidly  during  training  froa 
tha  atate  of  novice  to  tha  atate  of  expert. 
Within  a  frametnrk  of  nultlple  raaourcaa  each 
of  tha  above  general  atatenants  ahould  be 
bounded  to  tha  training  of  a  apeelflc  reaourca. 

To  atnanarlae  thjs  dlacuaalon  of  aklll 
genarallaatlon  we  can  conclude  that  there  la 
little  raaaon  to  believe  In  the  existence  of 
highly  general  acrosa  the  board  tine- 
aharlng  capability,  although  there  are  several 
senses  In  which  some  degree  of  generalization 
can  ba  postulated. 


XfmChTlONS  FOR  TOE  DEVELOPMENT  OF  TRAINING 
PROCEDURES 

Several  Inpllcationa  for  the  developawnt 
of  training  procedures  to  iagirove  tiaw- 
aharing  skills  appear  to  emerge  from  tha 
analyaia  presented  in  this  paper,  although 
thia  analysis  is  very  preliadnary  and  incoa»- 
plata.  One  implication  is  that  the  devel¬ 
opment  of  such  skills  can  benefit  very 
little  from  an  extensive  introductory  phase 
of  single  task  training  or  tha  interlace¬ 
ment  of  single  task  ponditions  in  the  course 
of  time-sharing  trailing.  Despite  the  fact 
that  reduced  resource  demands  of  each  task 
was  presented  as  one  outcome  of  practice  the 
core  of  time-sharing  skills  appears  to  reside 
in  improved  coordination  and  better  control 
of  resource  allocatlpn.  furehennore,  if 
different  strategies  are  eaployed  whan  a 
task  is  performed  singly  or  in  concurrence 
with  ether  tasks,  extenalve  single  task 
training  may  be  harmful  and  introduce 
rigidity  In  the  transition  from  single  task  to 
time-sharing  performance. 


The  diversity  and  nunerosicy  of  variabtea 
that  may  affect  coordination  between  tasks  do 
not  enable  specification  of  recommended 
procedures  to  facilitate  the  development  of 
this  aklll.  Training  specialists  can  try 
to  isolate  the  oujor  parameters  and  bottle¬ 
necks  relevant  to  this  process  in  every  train¬ 
ing  situation  and  devote  their  training 
efforts  to  these  variidiles.  It  may  even 
be  useful  to  try  and  develop  specific 
feedback  techniques  to  emphasize  progress 
on  specific  aspects  of  coordination  (for 
example  progress  from  sequential  response 
alternatlona  between  tasks  to  modes  of 
parallel  responses) .  Additional  research 
on  this  isportant  process  may  enable  us  in  the 
future  to  develop  an  arsenal  of  procedures 
relevant  to  smjor  types  of  coordination 
problems. 

Last  but  not  least  is  the  requirement 
to  develop  proper  procedures  and  feedback 
techniques  that  would  teach  operators  to 
allocate  their  resources  in  different 
proportions,  and  enable  them  to  examine 
the  consequences  of  allocation  in  terms  of  the 
overall  efficiency  of  joint  performance. 

Joint  manipulations  of  task  diffi.ilty  and 
task  priorities  with  augemented  feedback 
indicators  as  attempted  by  Gopher  t  Navon  (in 
press)  and  Brickner  (In  preparation)  appear  to 
represent  steps  in  thm  right  direction. 
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